In this paper we present a graph-based resource allocation scheme for sidelink broadcast V2V communications. Harnessing available information on geographical position of vehicles and spectrum resources utilization, eNodeBs are capable of allotting the same set of sidelink resources to different vehicles distributed among several communications clusters. Within a communications cluster, it is crucial to prevent time-domain allocation conflicts since vehicles cannot transmit and receive simultaneously, i.e., they must transmit in orthogonal time resources. In this research, we present a solution based on a bipartite graph, where vehicles and spectrum resources are represented by vertices whereas the edges represent the achievable rate in each resource based on the SINR that each vehicle perceives. The aforementioned time orthogonality constraint can be approached by aggregating conflicting vertices into macro-vertices which, in addition, reduces the search complexity. We show mathematically and through simulations that the proposed approach yields an optimal solution. In addition, we provide simulations showing that the proposed method outperforms other competing approaches, specially in scenarios with high vehicular density.
: V2V Broadcast Communications via Sidelink traffic is controlled by the eNodeB, users can be allocated in the same time resource but different frequency subchannels. Nevertheless, in V2V Mode 3 the flow of data is not controlled, thus it is fundamental to guarantee that vehicles will transmit in orthogonal time resources to prevent conflicts. On the other hand, assignment problems can be represented as weighted bipartite graphs, where the objective is to find a maximal matching. This classical problem is called herein unconstrained weighted graph matching. Resource allocation for V2V communications has a time orthogonality constraint which cannot be handled by the mentioned method. We have therefore envisaged a solution called constrained weighted graph matching, which incorporates the mentioned constraint.
The objective of this paper is two-fold:
(︀ )︀ prove that an optimal solution for the constrained weighted graph matching problem exists and (︀ )︀ discuss the suitability of such an approach for avoiding resource allocation conflicts in broadcast vehicular communications.
MOTIVATION AND CONTRIBUTIONS
Our motivation is to develop an approach capable of (︀ )︀ preventing allocation conflicts-by enforcing constraintsand (︀ )︀ maximizing the sum-rate capacity of the system. For instance, in one of the clusters of Fig. 1 , a resource conflict can be observed between vehicles 8 and 10 since they have been allotted resources in the same time subframe.
The contributions of our work are summarized:
• Kuhn-Munkres [3] is a computationally efficient method for solving matching problems in bipartite graphs. However, due to additional time orthogonality constraints, the resultant problem is not directly approachable by it. In our solution, vertices conflicting among each other
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MobiCom'17, October 16-20, 2017, Snowbird, UT, USA have been aggregated into macro-vertices yielding a resultant graph which is solvable by Kuhn-Munkres. • Vertex aggregation cuts down the number of effective vertices and therefore narrows the amount of potential solutions, without affecting optimality. • We show through simulations that our approach is capable of providing fairness among all vehicles, especially in scenarios with high vehicle density.
PROPOSED APPROACH
be a bipartite graph such that |ℛ| = | | = , as depicted in Fig. 2 . In this scheme, the vertices in ℛ are clustered into disjoint groups {ℛ } =1 called macro-vertices, such that ℛ = ∪ =1 ℛ , ℛ ∩ ℛ ′ = ∅, ∀ ′ . Each macro-vertex ℛ is an aggregation of vertices, i.e., |ℛ | = . The target is to find a vertex-to-vertex (or vehicle-to-resource) matching with maximum sum of weights such that no two vertices in are matched to any two vertices in the same macro-vertex ℛ . This condition must be satisfied as it depicts the time orthogonality requirement that prevents allocation conflicts. We will show that the optimal solution is tantamount to finding the maximum vertex-to-macro-vertex matching.
In Fig. 2 , vertices represent the vehicles in cluster whereas vertices represent the allotable resources managed by the eNodeB.
represents the number of resources per subframe.
represents the amount of available subframes in which the resource allocation task can be accomplished. The problem is formulated by (1) max c x subject to . Because x exists on the binary subspace, the cost function can be equivalently expressed as c x = x (︀ c )︀
x without affecting optimality. Also, we can add zero-valued terms (with , ∈ ℛ ) to the cost function without affecting the solution. A more generalized expression is given by x (︀
From (2), we obtain that d = (︀
)︀ † y. In the following, we use the previous relations to simplify the constraint in (1),
Thus, the problem in (3) can be recast as (4) max d y subject to Fig.3 shows the transformation process from (1) to (4) . We notice that d depends on x which is not desirable. In order to eliminate this dependency, we state without a proof-due to space limitations-that
where ∘ log{·} and e ∘{·} are the element-wise natural logarithm and Hadamard exponential [4] , respectively. 
SIMULATIONS
We consider a 10 MHz channel which is divided into several resource chunks, each with an extent of 1ms in time and 1.26 MHz in frequency. To wit, 1.26 MHz corresponds to 7 resource blocks (RBs), each consisting of data (5RBs) and control information (2RBs) [5] . In our model, we consider that clusters are independent from each other. Thus, resources used in a certain cluster can be repurposed by vehicles in other clusters. Since we consider a message rate of 10 Hz, the resource allocation task is carried out every 0.1 s and therefore the maximum number of allotable subframes is 100. We also assume that the sidelink channel conditions of each vehicle are reported to the eNodeB via uplink. The resource allocation is broadcasted to vehicles via downlink. Notice that sidelink resources are exclusively used for communications.
In Fig. 4 , we compare 4 different algorithms in base of the average over 1000 simulations. We have considered = 100 vehicles in each cluster. Through simulations, we show that our scheme is optimal since it achieves the same performance as exhaustive search. The greedy algorithm performs as good as the proposed approach when we examine the highest-rate vehicle only. This is logical as the premise of the greedy algorithm is to assign the best resources on first-come first-served basis. Considering the system average rate, our proposed approach has an advantage over the greedy algorithm. Also, when considering the worst-rate vehicle, our proposal excels as it is capable of providing a higher level of fairness. In all cases, the random allocation algorithm is outperformed by the other approaches. Fig. 5 shows the achievable rate for 6 shows the CDF of the achievable rates. We observe that the proposed approach outperforms the other two approaches. For the sake of comparison, we have included the results of the unconstrained system, which does not takes into account conflict avoidance constraints. This is of course not desirable but it serves as a comparison bound.
CONCLUSION
We have presented a novel resource allocation algorithm for V2V communications considering conflict constraints. We were able to transform the original problem into a simplified form. In our future work, we will consider ( ) power control and ( ) the assumption that a subset of vehicles may belong to more than one cluster simultaneously.
